The use of different evaluation methods of adaptability and stability in a breeding program is essential to obtain more accurate results of the lines that have been studied. The purpose of this research is to study the adaptability and stability of 25 soybean lines derived from the soybean breeding program, and for that, it was used parametric and non-parametric analysis at the Federal University of Uberlandia. The experiment was set up in randomized complete block design with three replications in three sowing periods (November 2006, November 2007 and November 2008 and conducted in Campo Alegre de Goias, Brazil. Thirty soybean genotypes were evaluated, including 25 late-cycle lines and five cultivars (BRS/MG Garantia, UFUS Impacta, UFUS Xavante UFUS Milionária and M-Soy 8914) as controls). Grain productivity was determined for each block. The average yield was 3104.201 kg ha -1 . Adaptability and stability were determined using Eberhart and Russel (1966), Lin and Binns (1988) modified by Carneiro (1998) and Centroide (ROCHA, 2005) methods. The UFUS 6 and UFUS 21 lines and the UFUS Impacta and UFUS Xavante cultivars stood out because they had the highest average grain yield, highest adaptability and stability regardless of evaluation method.
INTRODUCTION
Soybeans are one of the most important crops in the world and in Brazilian agribusiness. Demand for soybeans increases every year due to varied uses, which include animal feed, biodiesel, cooking oil, dietary staples and cosmetics. In Brazil, soybean productivity in the 2015/2016 crop is estimated at 3073 kg ha -1 (CONAB, 2016) . Behavior of soybean cultivars can vary by location and year. These differences are usually influenced by interactions between genotype and environment (G x E). The expression of the productive potential of a soybean crop is dependent on genetic and environmental factors and the interactions between them. This complicates the selection and evaluation of the productive potential of genotypes. Therefore, extensive evaluations are needed to identify genotypes with superior productivity and production stability given a range of climates, soil, pests and diseases (POLIZEL et al., 2013) .
Adaptability is defined as the ability of a genotype to take advantage of environmental stimuli, whereas stability is defined as the ability to demonstrate highly predictable behavior given certain environment stimuli (CRUZ et al., 2012) .
Analyses of adaptability and stability are statistical procedures that identify stable cultivars that respond predictably to environmental variation. These analyses include the Centroide (ROCHA, 2005) , Lin and Binns (1988) modified by Carneiro (1998) , and Eberhart and Russell (1966) methods.
The Centroide (ROCHA et al., 2005) and Lin and Binns (1988) methods are nonparametric ways of identifying genotypes based on environmental variation without having to analyze parameters (NASCIMENTO, 2009) . The parametric Eberhart and Russel (1966) method uses linear regression to link the average yield of each genotype F. N. et al. with an environmental index provided by the average response of the same genotypes. Several studies have identified lines with broad adaptability and stability. One such study by Franco and Hamawaki (2009) Marques et al. (2011 ) used Carneiro (1998 modified Lin and Binns (1988) , Eberhart and Russell (1966) , and the Centroide (ROCHA et al., 2005) methods to evaluate the adaptability and stability of soy genotypes at different sowing dates. Barros et al. (2010) studied the analysis of soybean (Glycine max L.) adaptability and stability in Mato Grosso, Brazil and concluded that different nonparametric methods produce similar results and could be used to successfully identify genotypes with greater productivity, stability and adaptability.
The aim of this study was to evaluate by parametric and non-parametric methods to study the adaptability and stability of 25 soybean lines from the Soybean Breeding Program at the Federal University of Uberlandia.
MATERIAL AND METHODS
Performed our experiments in red-yellow dystrophic Oxisol at the Santa Fe farm in Campo Alegre de Goias, Brazil (17º67' S latitude and 47º62' W longitude, altitude 877m). The experiment was set up in randomized complete block design with three replications. The treatments consisted of thirty soybean genotypes (25 late-cycle lines and five commercial cultivars: BRSMG Garantia, UFUS Impacta, UFUS Xavante UFUS Milionária and MSoy 8914). Seeds were sown in three consecutive years (November 2006 , November 2007 , and November 2008 .
Each experimental unit consisted of four rows of soybeans (5m long, spaced 0.5m apart). The two outer rows and 0.5 m at each end of the plot were not evaluated, leaving two rows of 4.0 m (i.e. plots of 4.0 m 2 ). Grain productivity (GP) (kg ha -1 ) was evaluated by manually harvesting each 4.0 m 2 plot. After harvesting, the plants were threshed and the seeds were manually prepared for weighing. Next, the data were transformed from grams per plot to kg ha -1 and corrected for moisture (13%) using the following formula:
Where: FW is the corrected sample weight, IW is initial sample weight, IM is initial sample moisture and IF is the final sample moisture (13%).
Statistical analysis was by individual and joint analysis of variance (F-test). Adaptability and stability analyses were then processed using GENES software (CRUZ, 2009 ) and the parametric methods proposed by Eberhart and Russell (1966) and nonparametric methods proposed by Lin and Binns (1988) modified by Carneiro (1998) , and Centroide (ROCHA et al., 2005) 
RESULTS AND DISCUSSION
The experimental coefficient of variation (CV) from the joint analysis of variance was 17.65% (Table 1) . Dias et al. (2009) found a CV of 22.52 % in a study on phenotypic adaptability and stability of soybean grain yield in Ceara, Brazil. ns Not significant, * Significant at 5% probability, + Significant at 10% probability (F test). 576 Parametric and non-parametric analysis… ROMANATO, F. N. et al. According to Carvalho et al. (2003) , the maximum coefficient of variation for grain productivity, which is strongly influenced by the environment, is 16%. Average grain productivity was 3104.2 kg ha -1 and the coefficient of genotype determination was 35.05%. These results demonstrate strong environmental influence, which is common for polygenic traits. G x A interaction was significant (p<0.10, F-test) ( Table 1) . Oliveira et al. (2012) studied the adaptability and stability of soybean productivity in two regions and found significant genotype x environment interaction (CV = 4.9%). Their results show that genotype behavior varies due to environmental change and that the study of phenotype adaptability and stability is justified. Franco and Hamawaki (2009) found a CV of 17.66% in a joint analysis of variance of grain productivity in 32 late-cycle soybean varieties from two sowing dates and five locations in the 2004/2005 crop. Table 2 shows the adaptability and stability parameters from the Eberhart and Russel (1966) and Lin and Binns (1988) ) and estimates of the adaptability and stability parameters using the Eberhart and Russel (1966) and Lin and Binns (1988) modified by Carneiro (1998) methods for 25 lines and 5 cultivars of soybeans from three crops (2006/2007, 2007/2008 and 2008/2009) ns not significant, *significant at 5% probability, ** significant at 1% probability (t test), ++ significant at 1% probability (F test), linear regression coefficient (β 1 ). Deviations from linear regression (σ² di ) and the coefficient of determination (R²). Parametric and non-parametric analysis… ROMANATO, F. N. et al. According to the Eberhart and Russel (1966) method, an ideal genotype has high grain productivity, equal regression coefficients and insignificant deviation. UFUS 7 had unfavorable environmental adaptability (β 1 ) <1 and high stability given its insignificant deviation (σ 2 di ). On the other hand, UFUS 9, UFUS 10 and UFUS 18 had favorable environmental adaptation given that their (β 1 ) values were significant at 1 and 5% probability (t-test). However, only UFUS 9 and UFUS 10 had high stability and coefficients of determination greater than 97%. Grain productivity of these lines was 3648.96 and 3288.44 kg ha -1 , respectively. UFUS 2, UFUS 6, UFUS 8, UFUS 11, UFUS 14, UFUS 15, UFUS 17, UFUS 19, UFUS 21, UFUS 22, UFUS 23 and the UFUS Impacta, UFUS Xavante, M-Soy 8914 and UFUS Milionária cultivars had general adaptability, high stability ( Table 2 ) and coefficients of determination greater than 70%. The Eberhart and Russel (1966) method recommends that coefficients of determination should be greater than 70%.
Marques et al. (2011) used Eberhart and Russell (1966) , Carneiro (1998) modified Lin and Binns (1988) and Centroide (ROCHA et al., 2005) methods to evaluate the average behavior, adaptability and stability of seven soybean cultivars at three sow dates in Uberlandia, Brazil. They concluded that the UFUS Xavante cultivar had the highest average grain productivity in the first and second sowings and that significant G x A interaction suggested that the cultivar had superior performance given environmental fluctuations between sowing dates. It is important for farmers to know the adaptability and stability of genetic material in relation to sowing dates in order to select genotypes that behave predictably and that respond to environmental variation.
According to Lin and Binns (1988) modified by Carneiro (1998) , P i original should be used as a general criteria for cultivar selection, whereas P id should be used for cultivar selection in unfavorable climates and P if for favorable climates. In Table 2 Table 3 shows these evaluations for the soybean lines and cultivars considered in the present study. Table 3 . Adaptability and stability according to the Centroid methodology for 25 soybean lines and five cultivars from three crops (2006/2007, 2007/2008, and 2008/2009) The Centroide method (ROCHA et al., 2005) (Table 3) showed that UFUS 6, UFUS 8, UFUS 9, UFUS 10 and UFUS 21 lines and UFUS Impacta and UFUS Xavante cultivars have general adaptability (Class I).
UFUS 18, UFUS 23 and UFUS Milionária are classified for favorable environments, whereas UFUS 1, UFUS 2, UFUS 3, UFUS 4, UFUS 5, UFUS 7, UFUS 11, UFUS 13, UFUS 14, UFUS 15, UFUS 16, UFUS 17, UFUS 19, UFUS 22, BRS/MG Garantia and MSOY 8914 are classified for unfavorable environments. UFUS 12, UFUS 20 and UFUS 25 require further study. Peluzio et al. (2008) studied the adaptability and stability of soybean cultivars from four sowing periods in Tocantins, Brazil and identified eleven unadapted varieties (group IV). Marques et al. (2011) also used the Centroide method (ROCHA et al., 2005) and found three group IV cultivars. Table  3 shows that UFUS 6, UFUS 21, UFUS Impacta and UFUS Xavante are classified in the general class (I), corroborating (except for genotype 8) the results of the Eberhart and Russel (1966) and Lin and Binns (1988) modified by Carneiro (1998) methodologies. Hamawaki et al. (2009) found similar agreement among these methodologies when studying the behavior of two soybean lines in in Goiatuba, Brazil and in the Triângulo Mineiro region of Brazil.
Studies on the adaptability and stability of grain productivity in two soybean-producing regions (OLIVEIRA et al., 2012) observed that Lin and Binns (1988) modified by Carneiro (1998) and the Centroide (1998) methodologies could consistently identify and classify soybean genotypes. Barros et al. (2010) was also able to produce similar genotype classifications with these methodologies when evaluating soybean cultivars in Mato Grosso, Brazil. Lin and Binns (1988) modified by Carneiro (1998) methodology and the Eberhart and Russel (1966) methodology predominantly agreed on genotype classification. Both methodologies classified UFUS 10 as adapted to favorable environments and UFUS 7 to unfavorable environments. 579 Parametric and non-parametric analysis… ROMANATO, F. N. et al.
CONCLUSIONS
The UFUS 6 and UFUS-21 lines and the UFUS Impacta and UFUS Xavante cultivars were identified by the Eberhart and Russel (1966) , Carneiro (1998) modified Lin and Binns (1988) and Centroide (ROCHA et al., 2005) methodologies for their high average grain productivity, broad adaptability and high stability. Lin and Binns (1988) modified by Carneiro (1998) method demonstrated that the UFUS 9 and UFUS 10 lines have broad adaptability, high stability and high productivity and consequently, the potential for sowing in different environments.
According to the Centroide method (ROCHA et al., 2005) Carneiro (1998 ) e Centroide (ROCHA, 2005 . As linhagens UFUS 6, UFUS 21 e as cultivares UFUS Impacta e UFUS Xavante se destacaram por apresentarem elevadas médias de produtividade de grãos, ampla adaptação e alta estabilidade por todos os métodos estudados
